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SCANNING ELECTRON MICROSCOPE AND SAMPLE OBSERVATION METHOD 
USING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a scanning electron 
microscope, and particularly to a scanning electron 
microscope that allows efficient observation of a magnified 
sample image (high-magnification image) and a whole sample 
image (low-magnification image) . 

In a scanning electron microscope, the object lens 
is conventionally used at a very short focal distance to 
obtain scanned images of higher resolution, as is typified, 
for example, by the in- lens system in which a scanned image 
is obtained by placing the sample between the magnetic 
poles of the object lens. When the object lens is used at 
a short focal distance and sample observation is to be 
performed under high magnification, there is employed a 
lens control method for scanning by a primary electron beam 
wherein deflecting coils for the scanning by the primary 
electron beam are arranged in two stages along the optical 
axis, and the deflection point of the primary electron beam 
is set to be in the proximity of the principal plane of the 
object lens. The above arrangements are provided in order 
to prevent distortion caused by the object lens or an 
increase in the beam diameter of the primary electron beam 



on the periphery of the scanning region. The lens control 
method described above is called high -magnification mode. 
On the other hand, when a view search under low 
magnification is to be performed at a stage before 
proceeding to high-magnification observation as described 
above, or the whole image of the sample is to be observed 
under low magnification, the following lens control method 
is employed to enable scanning of a wide region (low- 
magnification state) by a primary electron beam. That is, 
the exciting current of the the object lens is set to be 
zero or in a weak excitation state, and the scanning of the 
sample by a primary electron beam is performed by using a 
one- stage deflecting coil or two-stage deflecting coils 
wherein the distance between the deflection point and the 
surface of the sample is set to be longer than that of 
high-magnification mode. This lens control method is 
called low-magnification mode. Thus, observation in a wide 
magnification range from high to low magnification has been 
made possible by switching between two magnification modes 
depending on the observation magnification. 

Now, in the X-ray ananlysis of the sample by means 
of a scanning electron microscope, X-rays occurring from 
within the scanning range of the primary electron beam 
(view) are detected to identify the constituent elements of 
the sample in the view by using an X-ray spectrum and 
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collect information on how the constituent elements are 
distributed in the view (X-ray mapping image) and the like. 
An X-ray mapping image, in particular, requires not only 
local element mapping of the sample through high- 
magnification observation but also general element mapping 
of the sample through low-magnification observation. 

In the case of X-ray observation by using a scanning 
electron microscope, if an X-ray detector can be placed in 
the proximity of the sample, the extraction angle of X-rays 
can be increased, and therefore highly efficient X-ray 
analysis is performed. However, if a reflected electron 
that occurs from the sample by irradiation with the primary 
electron beam as in the case of X-rays falls on the 
detection plane of the X-ray detector, it may cause an 
error or a failure. This problem needs to be avoided. 

If the sample is placed within the magnetic field of 
the object lens, as in the case of the in-lens system, X- 
ray analysis can be performed in high-magnification mode 
where the object lens is used in a strongly excitated state. 
This is because the magnetic field of the object lens 
causes the trajectory of the reflected electron to go away 
from the detection plane of the X-ray detector. However, 
in low-magnification mode where the exciting current of the 
object lens is set to be zero or in a weak excitation state, 
it is not possible to generate an object lens magnetic 
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field strong enough to cause the trajectory of the 
reflected electron to go away from the detection plane of 
the X-ray detector. Therefore X-ray analysis is difficult 
to perform in this case. 

Methods for performing X-ray observation in low- 
magnification mode include a method in which the X-ray 
detector is moved so as to keep away from the trajectory of 
the reflected electron and a method in which a magnet is 
placed on the detection plane of the X-ray detector to 
cause the trajectory of the reflected electron to go away 
from the detection plane of the X-ray detector. However, 
it is difficult to adopt such methods in the in-lens system 
because of its structure. 

SUMMARY OF THE INVENTION 

According to the present invention, low- 
magnification mode capable of X-ray observation is set in 
addition to the conventional low-magnification mode 
suitable for sample image (secondary electron image) 
observation, and X-ray analysis or particularly X-ray 
mapping images with a wide view can be obtained by 
switching between these modes. 

According to the present invention, there are 
provided a first low-magnification mode wherein the current 
of the object lens is set to be zero or in a weak 
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excitation state, and a second low-magnification mode 
wherein the current of the object lens is set to be a value 
that changes in proportion to the square root of the 
accelerating voltage to be used. A scanning electron 
microscope according to the present invention is thus 
provided with a configuration that makes it possible to 
switch to the first low-magnification mode when normal 
sample image (secondary electron image) observation is 
performed and switch to the second low-magnification mode 
when X-ray analysis is performed. 

Specifically, a scanning electron microscope 
according to embodiments of the present invention comprises 
an electron source, a first focusing lens for focusing a 
primary electron beam emitted from the electron source, an 
object lens diaphragm for removing an unnecessary region of 
the primary electron beam focused by the first focusing 
lens, a second focusing lens for focusing the primary 
electron beam that has passed through the object lens 
diaphragm, an object lens for focusing the primary electron 
beam focused by the second focusing lens on a sample, a 
deflecting means for the scanning of the sample by the 
primary electron beam, a secondary electron detector for 
detecting a secondary electron emitted from the sample due 
to electron beam irradiation, and an X-ray detector for 
detecting an X-ray emitted from the sample. The scanning 
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electron microscope has functions of focusing the primary- 
electron beam on the sample by using the object lens when 
the magnification of an image to be scanned is higher than 
a preset value (high-magnification mode) , and focusing the 
primary electron beam on the sample by using the second 
focusing lens when the magnification of an image to be 
scanned is lower than a preset value (low-magnification 
mode. The scanning electron microscope also has a 
configuration that, in low-magnification mode, makes it 
possible to switch to a first low-magnification mode in 
which the exciting current of the object lens is set to be 
a constant value independently of the accelerating voltage 
of the primary electron beam, and switch to a second low- 
magnification mode in which the exciting current of the 
object lens is changed as a function of the accelerating 
voltage of the primary electron beam. 

The object lens diaphragm limits the focusing angle 
(aperture) of the primary electron beam on the sample. In 
addition, the control of the probe current is performed 
through the control of the focusing conditions of the first 
focusing lens. The first focusing lens or the second 
focusing lens may be formed by a lens in one stage or 
lenses in a plurality of stages. 

The sample is placed in the magnetic field of the 
object lens. For this kind of object lens, there is known 
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a type of object lens called an in-lens or a type of object 
lens called a snorkel lens. 

The first low-magnification mode sets the exciting 
current of the object lens to be zero or in a weak 
excitation state. In other words, the first low- 
magnification mode sets the exciting current of the object 
lens to be the minimum exciting current of the object lens 
that does not lower the efficiency of secondary electron 
detection, or the exciting current of the object lens that 
provides the maximum view for the observation magnification. 
The exciting current of the object lens in the second low- 
magnification mode is set to be a value in proportion to 
the square root of the accelerating voltage of the primary 
electron beam. 

The first low-magnification mode and the second low- 
magnification mode can be configured in such a way that 
switching between the first low-magnification mode and the 
second low-magnification mode is performed automatically 
according to the set value of magnification in low- 
magnification observation. In the first low-magnification 
mode, the exciting current of the object lens is lower than 
that of the second low-magnification mode, and the 
brightness region is wider than that of the second low- 
magnification mode (Observation under lower magnification 
is possible) . Therefore, the range of observation 



8 



magnifications is widened by setting a threshold value of 
observation magnification in the scanning electron 
microscope in advance so that it switches to the first low- 
magnification mode if a desired observation magnification 
is lower than the threshold value, and it switches to the 
second low-magnification mode if a desired observation 
magnification is higher than the threshold value. 

For example, because it is easy to correct the angle 
of image rotation and X-ray observation is possible, the 
scanning electron microscope can be used in such a manner 
that it selects the second low-magnification mode when 
normal low-magnification observation is performed, and it 
automatically switches to the first low-magnification mode 
if observation is to be performed under lower magnification. 

In addition, it is desirable to have the scanning 
electron microscope configured in such a manner that it has 
storage means that each stores setting values of brightness 
and contrast of the sample image independently for the 
, high-magnification mode, the first low-magnification mode, 
and the second low-magnification mode, and according to 
switching to each of the magnification modes, the setting 
values of brightness and contrast for each of the 
magnification modes are automatically set to be the values 
stored in the storage means. 

It is desirable that the deflecting means have a 
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function of controlling the scanning direction of the 
primary electron beam, and the scanning direction of the 
primary electron beam be controlled according to switching 
between high-magnification mode, the first low- 
magnification mode, and the second low-magnification mode. 
It is desirable that the control of the scanning direction 
of the primary electron beam by the deflecting means be 
performed in such a way that the scanning direction of the 
primary electron beam on the sample substantially 
corresponds to the X direction of the sample stage. 

When sample observation is to be performed by using 
the scanning electron microscope disclos€>d in the 
embodiments of the present invention, the setting value of 
the exciting current of the object lens in the first low- 
magnification mode is usually set to be a value for weak 
excitation, and the value is switched to zero when the 
scanned image of the sample is to be recorded. The scanned 
image of the sample is recorded by taking an image shown on 
a display, storing or outputting the scanned image of the 
sample as a file. 

In addition, when sample observation is to be 
performed, observation of an X-ray mapping image in low- 
magnification mode is performed in the second low- 
magnification mode. 

A scanning electron microscope disclosed in 
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embodiments of the present invention comprises an electron 
source, a first focusing lens for focusing a primary 
electron beam emitted from the electron source, an object 
lens diaphragm for removing an unnecessary region of the 
primary electron beam focused by the first focusing lens, a 
second focusing lens for focusing the primary electron beam 
that has passed through the object lens diaphragm, an 
object lens for generating a magnetic field at the position 
of a sample and for focusing the primary electron beam 
focused by the second focusing lens on the sample, an 
electron beam deflecting means for the scanning of the 
sample by the primary electron beam, and an X-ray detector 
for detecting an X-ray emitted from the sample due to 
electron beam irradiation, whereby an X-ray mapping image 
of the sample is obtained. The primary electron beam is 
focused on the sample by the object lens to perform 
scanning when the magnification of an image to be scanned 
is higher than a preset value, and the primary electron 
beam is focused on the sample by the second focusing lens 
to perform scanning when the magnification of an image to 
be scanned is lower than a preset value. The scanning 
electron microscope has a configuration that sets the 
exciting current of the object lens to be in a weak 
excitation state to prevent the incidence of a reflected 
electron from the sample on the X-ray detector. 
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Here, if the magnification of an image to be scanned 
is lower than the preset value, the exciting current of the 
object lens is changed in proportion to the square root of 
the accelerating voltage of the primary electron beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an example of a 
scanning electron microscope according to the present 
invention. 

Fig. 2 shows a relation between an object lens 
exciting current and secondary electron detection 
efficiency/brightness region in low-magnification mode. 

Figs. 3A and 3B are diagrams of assistance in 
explaining the presence and the absence of an object lens 
magnetic field and the trajectories of reflected electrons. 

Fig. 4 is a diagram of assistance in explaining the 
X-ray spectrum detected by an X-ray detector when a 
reflected electron falls on the X-ray detection plane of 
the X-ray detector. 

Fig. 5 is a flowchart showing an example of a 
process for X-ray analysis. 

Fig. 6 is a diagram of assistance in explaining 
image rotation caused by changes in the excitation of an 
object lens. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described. 

Fig. 1 is a schematic view of an example of a 
scanning electron microscope according to the present 
invention. An extracting voltage is applied between a 
cathode 2 and a first anode 3 located in an electron source 
1 by a high- voltage control power supply 11, so that a 
primary electron beam 5 is emitted from the cathode 2. The 
primary electron beam 5 is accelerated by the voltage 
applied between the cathode 2 and a second anode 4 by the 
high-voltage control power supply 11 and proceeds to a lens 
system in the next stage. The primary electron beam 5 is 
then focused by a first focusing lens 6 (CI lens) fed by a 
lens control power supply 13, and passes through an object 
lens diaphragm 7, whereby an unnecessary region of the beam 
is removed. 

The primary electron beam 5 that has passed through 
the object lens diaphragm 7 is focused by a second focusing 
lens 8 (C2 lens) fed by a lens control power supply 15, and 
is then focused on a sample 26 by an object lens 10 driven 
by an object lens driving power supply 18. Deflecting 
coils 9a and 9b, which are driven by a scanning power 
supply 16, are arranged in two stages between the C2 lens 8 
and the object lens 10. The deflecting coils 9a and 9b 
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allow the primary electron beam 5 to scan the sample 26 in 
a two-dimensional manner. 

A beam alignment coil 22, which is driven by a beam 
alignment coil control power supply 12, is a coil for 
magnetically correcting the trajectory of the primary 
electron beam (adjusting the optical axis of the primary 
electron beam), while an astigmatic coil 23, which is 
driven by an astigmatic coil control power supply 14, is a 
coil for magnetically correcting image distortion due to 
astigmatism. 

A secondary electron 24 generated from the sample 26 
passes through the object lens 10. Then the secondary 
electron 24 is deflected to the secondary electron detector 
side by an orthogonal electromagnetic field generator 27 
placed above the object lens, and is detected by a 
secondary electron detector 25. In the orthogonal 
electromagnetic field generator 27, there is created a 
field where the optical axis, the electric field, and the 
magnetic field are made orthogonal to each other, and the 
intensities of the electric field and the magnetic field 
are set in such a manner that the electromagnetic field 
does not produce the deflection effect on the primary 
electron beam, whereas the electromagnetic field deflects 
the secondary electron 24, which proceeds in the direction 
opposite to the direction of the primary electron beam 5, 
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toward the secondary electron detector 25. 

The detection signal of the secondary electron 
detector 25 is amplified by a signal amplifier 41, is 
processed by a signal processing means 20, and is displayed 
on a CRT 21 as a sample image, while if necessary, the 
detection signal of the secondary electron detector 25 is 
stored in an image memory 28 as an image signal. 

In normal high- resolution observation (high- 
magnification mode) , the primary electron beam 5 is focused 
on the sample by the object lens 10 in the manner as 
described above. However, in high- resolution observation 
conditions involving a short distance between the object 
lens 10 and the sample 26, in particular, the distance from 
the deflection point to the sample 26 is also shortened, 
and therefore the maximum observation view (scanning 
region) to be obtained in high-magnification mode cannot be 
widened. Thus, to further widen the observation view, the 
scanning region on the sample 26 is enlarged by switching 
to the scanning by means of a one- stage deflecting coil. 

In this case, if the object lens 10 is strongly 
excited, as in high-magnification mode, the displayed image 
is greatly distorted due to lens aberration. Therefore, 
the primary electron beam 5 is focused on the sample by 
putting the object lens 10 into a zero excitation state or 
a weakly excited state and by using the C2 lens 8 (first 
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low-magnification mode) . 

In X-ray analysis, X-rays 32 generated from the 
sample 26 fall on the detection plane of an X-ray detector 
33 placed in the proximity of the sample, and the detection 
signal of the X-ray detector 33 is amplified by a signal 
amplifier 42, is processed by the signal processing means 
20, and is displayed on the CRT 21 as an X-ray spectrum and 
an X-ray mapping image. 

In normal high-resolution observation, lens control 
is performed in high -magnification mode, as in the case of 
the observation of a secondary electron image. If X-ray 
observation is to be performed with a view wider than the 
maximum observation view obtained in high-magnification 
mode, the exciting current of the object lens 10 is set to 
be a value in proportion to the square root of the 
accelerating voltage, and the primary electron beam 5 is 
focused on the sample by using the C2 lens 8 (second low- 
magnification mode) . 

Each of the power supplys 11 to 18 mentioned above 
is controlled by a CPU 19. The CPU 19 also controls the 
signal processing means 20. In addition, the CPU 19 is 
connected with a memory (storage area) 29 to be used 
exclusively for high -magnification mode and a memory 
(storage area) 30 to be used exclusively for low- 
magnification mode. The memory 29 exclusively for high- 
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magnification mode stores the values of the signal 
amplifier 41 and the signal processing means 20 that are 
set with respect to the brightness and the contrast of a 
sample image when its observation is performed in high- 
magnification mode. The memory 30 exclusively for low- 
magnification mode stores the values of the signal 
amplifier 41 and the signal processing means 20 that are 
set with respect to the brightness and the contrast of a 
sample image when its observation is performed in the first 
low-magnification mode, as well as the values of the signal 
amplifier 41 and the signal processing means 20 that are 
set with respect to the brightness and the contrast of a 
sample image when its observation is performed in the 
second low-magnification mode. 

Next, the first low-magnification mode and the 
second low-magnification mode will be described. Fig. 2 
shows a relation between the object lens exciting current 
and the secondary electron detection efficiency/brightness 
region in low-magnification mode. Figs. 3A and 3B show 
diagrams of assistance in explaining the presence and the 
absence of an object lens magnetic field and the 
trajectories of reflected electrons. Fig. 4 shows a 
diagram of assistance in explaining the X-ray spectrum 
detected by the X-ray detector when a reflected electron 
falls on the X-ray detection plane of the X-ray detector. 
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In general, if the exciting current of the object 
lens is varied in lens control, the amount of detection 
signal of a secondary electron and the brightness region of 
the image is changed in the manners as shown in Fig. 2. 
The amount of detection signal of a secondary electron 
represents the brightness of the sample image. As the 
object lens current is increased, the amount of detection 
signal increases due to the winding-up effect of the 
magnetic field of the object lens, resulting in a bright 
image. However, the amount of detection signal reaches 
convergence at a certain current value. On the other hand, 
the brightness region of the image determines the lowest 
magnification of the image. When the exciting current of 
the object lens is zero, the widest view and a sample image 
with no variations in brightness can be obtained. However, 
as the object lens current is increased, the brightness 
region of the image is reduced, with the result that the 
periphery of the image becomes dark. 

Therefore, the exciting current value of the object 
lens in the first low-magnification mode is set to be a 
value that can maximize the brightness region of the image, 
chosen from among the current values at which the amount of 
detection signal of a secondary electron is converged. if 
the microscope is used specifically for taking sample 
images or the like, the exciting current value of the 
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object lens is set to ke zero so that the brightness region 
of an image is maximized. The exciting current value of 
the object lens is set to be zero for the following reason. 
When the exciting current value of the object lens is zero, 
the amount of detection signal of a secondary electron is 
small, but if the microscope is used only for taking sample 
images, the small amount of detection signal of a secondary 
electron can be compensated for by setting the exposure 
time or the signal accumulation time to be long. 

On the other hand, the second low-magnification mode 
is the low-magnification mode for X-ray analysis, and the 
current value in the second low-magnification mode is 
changed within the range of current values that are higher 
than the exciting current value of the object lens set in 
the first low-magnification mode. In X-ray analysis, an 
object lens magnetic field needs to be generated according 
to the energy of a reflected electron ^accelerating 
voltage) to make the trajectory of the reflected electron 
go away from the detection plane of the X-ray detector. 
Therefore the current value is set in proportion to the 
square root of the accelerating voltage. 

In normal low-magnification mode (the first low- 
magnification mode), the magnetic field of the object lens 
10 is not present or weak, as shown in Fig. 3B, and 
therefore the reflected electron 35 generated from the 
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sample 26 falls on the detection plane of the X-ray 
detector 33. The X-ray spectrum detected by the X-ray 
detector 33 in this case is such as is shown in Fig. 4. It 
is difficult to perform X-ray analysis in this case because 
the reflected electron 35 incident on the detection plane 
of the X-ray detector 33 causes a detection error or a 
failure. Therefore, in the low-magnification mode for X- 
ray analysis, the exciting current value of the object lens 
is set in such a way that the reflected electron 35 goes 
away from the detection plane of the X-ray detector 33 and 
the brightness region of the image is secured by setting 
the above value to be the lowest current value, as shown in 
Fig. 3A. The higher the accelerating voltage of the 
primary electron beam is, the greater the exciting current 
of the object lens needs to be, and therefore the 
brightness region of the image is reduced in response 
thereto . 

Moreover, in normal observation of a secondary 
electron image by means of the scanning electron microscope, 
the accelerating voltage during the observation of the same 
sample is constant in many cases, while during X-ray 
observation, the accelerating voltage needs to be changed 
to perform X-ray observation. The accelerating voltage 
needs to be changed for the following reason. Of the 
elements that form the sample, light elements emit X-rays 
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by irradiating with a primary electron beam accelerated to 
a low velocity, while heavy elements require irradiation 
with a primary electron beam accelerated to a high velocity. 
Thus, even when the same sample is to be observed, the 
accelerating voltage of the primary electron beam needs to 
be changed during its observation, depending on the 
elements to which attention is directed. 

The primary electron beam proceeds in a spiral 
trajectory in the magnetic field of the object lens to be 
focused on the sample. If the accelerating voltage is 
changed or the exciting current is changed here, the 
trajectory of the primary electron beam is changed, thereby 
resulting in a rotation of the image. However, if 

excitation IN/V^ (I: exciting current, N: number of coil 
turns, V: accelerating voltage) is held constant, the 
trajectory of the primary electron beam is not changed, and 
therefore the rotation of the image can be readily 
controlled. Since the number of coil turns N is a constant 
value specific to the object lens, the excitation can be 
held constant at all times by changing the exciting current 
I in proportion to the square root of the accelerating 
voltage V. Similarly, the magnification of the image can 
be readily controlled by changing the current of the 
deflecting coil for scanning the primary electron beam in 
proportion to the square root of the accelerating voltage V. 
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Here, in brief, supplementary description of the 
excitation of the object lens will be made. In high- 
magnification mode, the primary electron beam 5 is 
controlled by the magnetic field generated by the object 
lens 10 in such a way that the primary electron beam 5 is 
focused on the sample 26. In this case, a strong exciting 
current flows through the object lens 10, enabling short 
focusing. Therefore high-magnification observation can be 
performed. Such excitation of the object lens 10 is called 
strong excitation. 

In the first low-magnification mode, the primary 
electron beam 5 is controlled in such a way that the 
exciting current of the object lens 10 is set to be zero or 
weak and the primary electron beam 5 is focused on the 
sample 26 by the focusing lens . (second focusing lens 8) 
nearest to the object lens 10. This makes it possible to 
enlarge the brightness region and therefore perform an 
observation with a wide view (low-magnification 
observation) . In this case, the exciting current flowing 
through the object lens 10 is lower than that in high- 
magnification mode, and accordingly it cannot cause the 
primary electron beam 5 to be focused on the sample. In 
the second low-magnification mode, the exciting current of 
the object lens 10 is controlled in such a way that the 
exciting current changes in proportion to the square root 
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of the accelerating voltage V. The exciting current in the 
second low-magnification mode is greater than that in the 
first low-magnification mode but lower than that in high- 
magnification mode. As in the first low-magnification mode, 
the object lens 10 cannot cause the primary electron beam 5 
to be focused on the sample 26 (weak excitation) . In the 
second low-magnification mode, the incidence of the 
reflected electron 35 on the X-ray detection plane of the 
X-ray detector 33 can be restricted by the magnetic field 
of the object lens generated by an exciting current greater 
than that of the first low-magnification mode. 

Fig. 5 is a flowchart showing an example of the 
process for X-ray analysis. When sample observation is to 
be performed, the processing is ready for the first low- 
magnification mode at a step 11 to perform the setting of 
C2 lens (second focusing lens) conditions, axis adjustment, 
focus adjustment, and brightness and contrast adjustment. 
The brightness adjustment is performed by setting the value 
of the signal amplifier 41 for the secondary electron 
detector 25 to be the value for the first low-magnification 
mode stored in advance in the memory 30. The contrast 
adjustment is performed by setting the value of the signal 
processing means 20 to be the value for the first low- 
magnification mode stored in advance in the memory 30. 
Next, at a step 12, a view search is performed under low 
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magnification . 

After the observation view is determined, switching 
to high-magnification mode is performed at a step 13. In 
high-magnification mode, the deflectors 9a and 9b are used 
in two stages, and the object lens 10 is used in a strong 
excitation state. After proceeding to high-magnification 
mode, the setting of C2 lens conditions, axis adjustment, 
focus adjustment, and brightness and contrast adjustment 
are performed at a step 14. The brightness adjustment is 
performed by setting the value of the signal amplifier 41 
for the secondary electron detector 25 to be the value for 
high-magnification mode stored in advance in the memory 29. 
The contrast adjustment is performed by setting the value 
of the signal processing means 2 0 to be the value for high- 
magnification mode stored in advance in the memory 29. 

After switching to high-magnification mode, the 
image is observed under high magnification by means of the 
scanning electron microscope at a step 15. In addition, X- 
ray analysis under high magnification is performed at a 
step 16. Specifically, the X-ray spectrum of a local 
region of the sample and a local X-ray mapping image are 
observed. 

Next, at a step 17, switching to the second low- 
magnification mode is performed. In the second low- 
magnification mode, one of the deflectors is used in one 
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stage, and the object lens 10 is used in a weak excitation 
state in which the exciting current of the object lens 10 
is caused to change in proportion to the square root of the 
accelerating voltage of the primary electron beam 5. After 
proceeding to the second low-magnification mode, the 
setting of C2 lens conditions, axis adjustment, focus 
adjustment, and brightness and contrast adjustment are 
performed at a step 18. The brightness adjustment is 
performed by setting the value of the signal amplifier 41 
for the secondary electron detector 25 to be the value for 
the second low-magnification mode stored in advance in the 
memory 30. The contrast adjustment is performed by setting 
the value of the signal processing means 20 to be the value 
for the second low-magnification mode stored in advance in 
the memory 30. 

Next, at a step 19, X-ray analysis under low 
magnification, that is, observation of the whole X-ray 
mapping image of the sample is performed. In this second 
low-magnification mode, the reflected electron generated 
from the sample is caused to go away from the X-ray 
detector 33 by the magnetic field of the object lens 10 in 
a weakly excited state, and therefore does not fall on the 
X-ray detector 33. Thus, an element mapping image can be 
observed under low magnification without a failure that may 
occur in the X-ray detector 33 or without noise included in 
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the detection signal as in the case of a conventional 
microscope. 

Now, if the excitation of the object lens 10 is 
changed by switching between magnification modes, the 
rotation effect of the object lens is produced on the 
scanning direction of the primary electron beam, thereby 
resulting in a rotated image. Fig. 6 shows a diagram of 
assistance in explaining the relation between the object 
lens exciting current and the image rotation. According to 
the present invention, the scanning direction of the 
primary electron beam is controlled in such a way that the 
image rotation caused by the object lens is cancelled in 
association with the excitation of the object lens, to make 
the scanning direction of the primary electron beam 
correspond to the X direction of the sample stage. 

In the second low-magnification mode, the microscope 
is used under the condition of constant excitation IN/ Vk 
(I: exciting current, N: number of coil turns, V: 
accelerating voltage) . Therefore the trajectory of the 
primary electron beam is not changed in the magnetic field 
of the object lens, and so the rotation of the image does 
not occur. Also in high-magnification mode, the rotation 
of the image will not occur if the microscope is used under 
the condition of constant excitation IN/ -JV . However, if 
the microscope is used under a condition that the 
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excitation is not held constant, the rotation of the image 
will occur when the current value of the object lens or the 
like is changed. In the first low-magnification mode, the 
microscope is used under the condition that the exciting 
current of the object lens is held constant, and therefore 
the rotation of the image will occur when the accelerating 
voltage of the primary electron beam is changed. Thus, in 
observation modes where the excitation IN/Vk is not held 
constant, the scanning direction of the primary electron 
beam is controlled in such a way that the image rotation 
caused by the object lens can be cancelled, by adjusting 
the ratio of the deflecting current flowing through the X 
deflecting coils of the deflecting coils 9a and 9b to the 
deflecting current flowing through the Y deflecting coils 
of the deflecting coils 9a and 9b. As a result, the 
scanning direction of the primary electron beam on the 
sample is made to coincide with the X direction of the 
sample stage at all times. 

According to the embodiments of the present 
invention, efficient low-magnification observation is made 
possible by setting a plurality of low-magnification modes 
each sutable for sample image (secondary electron image) 
observation and for X-ray analysis. The present invention 
makes it possible to use low-magnification mode during X- 
ray analysis, in particular, which has previously been 
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difficult, and to obtain an X-ray mapping image with a wide 
view. 



